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+i XPD VpULH GH SUREOHPDV GH WUDQVSRUWH GRFXPHQWDGRV SHOD OLWHUDWXUD HVSHFLDOL]DGD

TXH� WRGDYLD� QmR GHVWDFD D TXHVWmR GH SHUGDV� (P WDLV HVWXGRV� ID]�VH XVR GH HQIRTXHV GH

PRGHODJHP GLYHUVRV� 2V SULQFLSDLV DVSHFWRV WHyULFRV GHVVHV HQIRTXHV� DVVLP FRPR DOJXPDV

UHFRPHQGDo}HV SDUD R WUDWDPHQWR GDV SHUGDV HQYROYLGDV� VmR DSUHVHQWDGRV QHVWH DUWLJR�

3DODYUDV�FKDYH� WUDQVSRUWH� SHUGDV� PRGHODJHP�

��,1752'8d®2�

$ DWLYLGDGH GH WUDQVSRUWH p XP HOHPHQWR IXQGDPHQWDO GHQWUR GRV VHUYLoRV GH

GLVWULEXLomR� 8P VLVWHPD HILFLHQWH GH WUDQVSRUWHV p HVVHQFLDO SDUD R VXFHVVR GH XPD

GHWHUPLQDGD HFRQRPLD UHJLRQDO XPD YH] TXH WRUQD SRVVtYHO D LQWHJUDomR JHRJUiILFD

GDV ]RQDV GH SURGXomR H GH FRQVXPR�

.$7=0$1 ������ REVHUYD TXH D H[WHQVmR GR PHUFDGR HP XPD QDomR GHSHQGH

HP JUDQGH SDUWH GD IDFLOLGDGH FRP TXH RV SURGXWRV DJUtFRODV SRGHP VHU

WUDQVSRUWDGRV HQWUH DV GLIHUHQWHV ORFDOLGDGHV� +DYHQGR HVVD SRVVLELOLGDGH GH

PRYLPHQWDomR� RV SURGXWRV DJUtFRODV SRGHP VHU GHVORFDGRV SDUD FHQWURV GLVWDQWHV� R

TXH� HYHQWXDOPHQWH� SRGH LPSOLFDU D GHWHULRUDomR GH SURGXWRV PDLV SHUHFtYHLV �WDLV

FRPR DOJXQV KRUWLIUXWLJUDQMHLURV�� DIHWDQGR GLUHWDPHQWH R QtYHO GH SUHoRV GHVVHV

SURGXWRV QR PHUFDGR FRQVXPLGRU� :5,*+7 HW DO� ������ PHQFLRQDP TXH XPD GDV

JUDQGHV GLILFXOGDGHV SDUD R WUDWDPHQWR GHVVH SUREOHPD WHP VLGR D IDOWD GH

PHWRGRORJLD DGHTXDGD SDUD LGHQWLILFDU RV SULQFLSDLV ´JDUJDORVµ GR VLVWHPD GH

WUDQVSRUWH HP TXHVWmR�

                                                 
�

$UWLJR EDVHDGR HP XP GRV FDStWXORV GD WHVH GH OLYUH�GRFrQFLD GR DXWRU�
�

'HSDUWDPHQWR GH (FRQRPLD H 6RFLRORJLD 5XUDO GD (VFROD 6XSHULRU GH $JULFXOWXUD /XL] GH 4XHLUR]� GD

8QLYHUVLGDGH GH 6mR 3DXOR� $Y� 3iGXD 'LDV� ��� &(3 ���������� 3LUDFLFDED � 63�

7(25,$ ( (9,'È1&,$ (&21Ñ0,&$ $12 � 1� � 129(0%52� ���� 3� �����
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8PD WHQWDWLYD GH IRUPXODomR GH WDO PHWRGRORJLD SRGH VHU H[HPSOLILFDGD SHORV

SDVVRV SUHYLVWRV QR PRGHOR GH WUDQVSRUWH GH SURGXWRV DJUtFRODV H REHGHFH j VHJXLQWH

VHT�rQFLD�

��� GHFLGH�VH TXH XPD GHWHUPLQDGD FDUJD GHYH VHU WUDQVSRUWDGD�

��� LGHQWLILFD�VH R GHVWLQR ILQDO GD FDUJD D VHU WUDQVSRUWDGD�

��� VHOHFLRQD�VH R YHtFXOR H�RX D PRGDOLGDGH GH WUDQVSRUWH D VHUHP XWLOL]DGRV�

��� LGHQWLILFD�VH D PHOKRU URWD D VHU VHJXLGD�

$V SRVVtYHLV SHUGDV QR WUDQVSRUWH GH SURGXWRV DJUtFRODV SRGHP VHU FRQVHT�rQFLD

GLUHWD GH LPSHUIHLo}HV REVHUYDGDV HP DOJXP GHVVHV TXDWUR HVWiJLRV� %DVLFDPHQWH� DV

FDXVDV GHVVDV SHUGDV HVWmR LQWLPDPHQWH OLJDGDV D WUrV JUXSRV EiVLFRV GH WHFQRORJLDV�

PRGDOLGDGH �QR FDVR EUDVLOHLUR� SUHGRPLQDQWHPHQWH URGRYLiULD�� WLSR GH

HTXLSDPHQWR �QR FDVR� YHtFXORV IULJRULILFDGRV� H D ILQDOLGDGH GDV HPEDODJHQV

�XWLOL]DGRV� QR WUDQVSRUWH� $ FRPELQDomR QR XVR GH WDLV WHFQRORJLDV LPSOLFD

GLIHUHQWHV FXVWRV RSHUDFLRQDLV GH WUDQVSRUWH H� HYHQWXDOPHQWH� GLIHUHQWHV tQGLFHV GH

SHUGDV�

$VVLP� HVWH HVWXGR WHP FRPR REMHWLYR SULQFLSDO D LQYHVWLJDomR VREUH DV GLYHUVDV

HVWUXWXUDV GH PRGHODJHP DGHTXDGDV DR SUREOHPD GH WUDQVSRUWH GH

KRUWLIUXWLJUDQMHLURV H VREUH RV WUDWDPHQWRV HYHQWXDOPHQWH SURSRVWRV SDUD D

LQFRUSRUDomR GR IHQ{PHQR ´RFRUUrQFLD GH SHUGDVµ QR SURFHVVR FRPR XP WRGR�

1RWH�VH TXH� SHOR IDWR GH D TXHVWmR GH SHUGDV HP DWLYLGDGHV SyV�FROKHLWD SRGHU

VHU FODVVLILFDGD FRPR XP SUREOHPD GH LQWHUHVVH PXOWLGLVFLSOLQDU� RV HVIRUoRV

UHDOL]DGRV SHODV iUHDV DILQV QmR VmR� QHFHVVDULDPHQWH� SRVWRV HP FRQMXQWR� R TXH

GLILFXOWD D LPSOHPHQWDomR GH HYHQWXDLV VROXo}HV SDUD R SUREOHPD� $LQGD� D

VHJPHQWDomR GDV DWLYLGDGHV GH SyV�FROKHLWD� HP SDUWLFXODU FRP UHODomR j DWLYLGDGH GH

WUDQVSRUWH� p FDUDFWHUtVWLFD EDVWDQWH LQFRPXP QRV HVWXGRV UHDOL]DGRV VREUH DYDOLDomR

GH SHUGDV�

e� SRUWDQWR� GH IXQGDPHQWDO LPSRUWkQFLD TXH DV HVWUDWpJLDV D VHUHP GHILQLGDV

SDUD D PLQLPL]DomR GDV SHUGDV GH DOLPHQWRV HP DWLYLGDGHV SyV�FROKHLWD� HP

SDUWLFXODU GXUDQWH R WUDQVSRUWH� WHQKDP XP HPEDVDPHQWR WHyULFR VyOLGR H

FRQVLVWHQWH� (P YLVWD GLVVR� GLVFXWHP�VH D VHJXLU RV SULQFLSDLV SURFHGLPHQWRV

PHWRGROyJLFRV SHORV TXDLV GLYHUVRV HQIRTXHV GH PRGHODJHP GH WUDQVSRUWH

DSUHVHQWDP D TXHVWmR GH SHUGDV�
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��(&2120,$�'2�%(0�(67$5�62&,$/�

6H DV SHUGDV QR WUDQVSRUWH GH SURGXWRV DJUtFRODV SRGHP GHVORFDU R UHVSHFWLYR

SUHoR GH HTXLOtEULR GH PHUFDGR� DOWHUDo}HV WDPEpP SRGHP RFRUUHU QR YDORU WRWDO GR

EHQHItFLR VRFLDO FRUUHVSRQGHQWH� *$5'1(5 HW DO� ������� WHQGR HP YLVWD D TXHVWmR

GH TXHEUDV GH VDIUD GH JUmRV� SURS}HP XPD HVWUXWXUD GH PRGHODJHP EDVHDGD QD

WHRULD GR EHP�HVWDU VRFLDO FRP R LQWXLWR GH DYDOLDU WDLV HIHLWRV�

'H DFRUGR FRP HVVHV DXWRUHV� SHUGDV HP QtYHO GH ILUPD QmR QHFHVVDULDPHQWH

FDXVDP PXGDQoDV VLJQLILFDWLYDV HP SUHoRV� ([FHo}HV SRGHP YLU D RFRUUHU TXDQGR

XPD ILUPD GHWLYHU XPD SDUFHOD VLJQLILFDWLYD GD SURGXomR GH GHWHUPLQDGR SURGXWR

DJUtFROD H D GHPDQGD FRUUHVSRQGHQWH SHOR SURGXWR IRU UD]RDYHOPHQWH HOiVWLFD D

DOWHUDo}HV GH SUHoR� 1RUPDOPHQWH� H[LVWH XP Q~PHUR HOHYDGR GH ILUPDV QR VHWRU

DJUtFROD GH WDO IRUPD TXH R SUHoR GH PHUFDGR QmR p DIHWDGR TXDQGR SHUGDV RFRUUHP

QD SURGXomR GH XPD ~QLFD ILUPD� 3DUD VH PHQVXUDU WDO SHUGD� EDVWDULD DSHQDV

FDOFXODU R SURGXWR HQWUH D TXDQWLGDGH SHUGLGD H R SUHoR GH PHUFDGR�

2 SUREOHPD WRUQD�VH PDLV FRPSOH[R TXDQGR XPD SDUFHOD VLJQLILFDWLYD GD RIHUWD

p FRPSURPHWLGD� 1HVVH FDVR� VH D ILUPD VRIUH XPD SHUGD UHSHQWLQD� LQHVSHUDGD H

VLJQLILFDWLYD� RV SUHoRV GH PHUFDGR VmR DIHWDGRV H DV SHUGDV SDUD D VRFLHGDGH FRPR

XP WRGR GHYHP VHU DYDOLDGDV�

 
)LJXUD � �(FRQRPLD GR EHP�HVWDU VRFLDO� SHUGD LQHVSHUDGD�
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$VVXPLQGR TXH DV SHUGDV UHGX]HP D TXDQWLGDGH GLVSRQtYHO DRV FRQVXPLGRUHV

SDUD R QtYHO 4
 �)LJXUD ��� R TXDO p HTXLYDOHQWH DR GHVORFDPHQWR GH FXUYDV GH RIHUWD

GH 6 SDUD 6
� WHP�VH TXH D UHGXomR QD TXDQWLGDGH RIHUWDGD p GDGD SRU �4��4
�� FRP

RV SUHoRV VHQGR DXPHQWDGRV GH 3� SDUD 3
� R YDORU LQLFLDO GR H[FHGHQWH SDUD R

FRQVXPLGRU �iUHD 3
 3�H� p UHGX]LGR GH 3�3
H
H� H RV SURGXWRUHV DXIHULULDP XPD

UHFHLWD LJXDO D 3
4
� D TXDO SRGH VHU UHSUHVHQWDGD SHOD iUHD GHILQLGD SRU 3
H
4
�

$VVLP� Ki XPD WUDQVIHUrQFLD GRV FRQVXPLGRUHV SDUD RV SURGXWRUHV GHILQLGD SHOD iUHD

3�3
H
I� $ iUHD IH
H QmR p WUDQVIHULGD H UHSUHVHQWD D SHUGD OtTXLGD SDUD D VRFLHGDGH�

'HYLGR jV FDUDFWHUtVWLFDV GD SHUGD LQHVSHUDGD� RV FXVWRV QmR PXGDP� DSHQDV DV

UHFHLWDV VH DOWHUDP� 2V SURGXWRUHV OXFUDP D iUHD 3�3
H
I� PDV SHUGHP D iUHD

4
IH4�� $ SHUGD WRWDO SDUD D VRFLHGDGH� PHGLGD SHORV H[FHGHQWHV GR FRQVXPLGRU H

GR SURGXWRU� p GHILQLGD SHOD iUHD IH
H PDLV 4
IH4�� RX 4
H
H4��

(VWD iUHD� 4
H
H4�� SRGH VHU IDFLOPHQWH DSUR[LPDGD TXDQGR VH VDEH D

TXDQWLGDGH HVSHUDGD SHORV FRQVXPLGRUHV� DVVLP FRPR VHX UHVSHFWLYR SUHoR�

7RPDQGR D SHUGD HVWLPDGD 4��4
 H PXOWLSOLFDQGR�D SHOD PpGLD HQWUH 3� H 3
� SRGH�

VH REWHU D SHUGD WRWDO HVWLPDGD SDUD D VRFLHGDGH�

(P WHUPRV JHUDLV� TXDQGR D UHODomR GH GHPDQGD �'� p QmR�OLQHDU H D SHUGD QR

WUDQVSRUWH p UHODWLYDPHQWH VLJQLILFDWLYD� D SHUGD WRWDO SDUD D VRFLHGDGH SRGH VHU

PHQVXUDGD FRPR�

Q

Q

D t dt
*

"

∫ ( ) ���

RQGH W p D YDULiYHO DVVRFLDGD j TXDQWLGDGH GHPDQGDGD�

8P FHQiULR GLVWLQWR GL] UHVSHLWR DR FXVWR� SDUD D VRFLHGDGH� GH XPD SHUGD

HVSHUDGD QR WUDQVSRUWH� 1HVVH FDVR� DVVXPH�VH TXH R SUREOHPD p DQWHFLSDGR GH WDO

PDQHLUD TXH DV H[LJrQFLDV UHODWLYDV j PDQXWHQomR GH HVWUDGDV� DRV YHtFXORV

HVSHFLDOL]DGRV H jV HPEDODJHQV SRGHP VHU DMXVWDGDV DGHTXDGDPHQWH� (P RXWUDV

SDODYUDV� RV FXVWRV DOWHUDP�VH SRUTXH R QtYHO GH UHFXUVRV p PRGLILFDGR� $VVLP� D

TXDQWLGDGH WRWDO GLVSRQtYHO DRV FRQVXPLGRUHV WDPEpP VH DOWHUD�

$ )LJXUD � PRVWUD DV UHODo}HV GH RIHUWD� FRP �6
� H VHP �6� R SUREOHPD

HVSHFtILFR� H GH GHVORFDPHQWR GD FXUYD GH RIHUWD FRPR FRQVHT�rQFLD EiVLFD GR

SUREOHPD� 'LIHUHQWHPHQWH GR FDVR DQWHULRU� HP TXH DV SHUGDV QmR HUDP DQWHFLSDGDV

H DMXVWHV HP QtYHO GH UHFXUVRV QmR HUDP UHDOL]DGRV� DV PXGDQoDV QD TXDQWLGDGH GH

UHFXUVRV UHIOHWHP�VH QRV FXVWRV RSHUDFLRQDLV GLVWLQWRV D VHUHP REVHUYDGRV� 1D

DXVrQFLD GR SUREOHPD� DTXHOHV FXVWRV VmR GHVFULWRV SHOD iUHD 23H4�� 6H DMXVWHV VmR

HIHWXDGRV SDUD DV SHUGDV QR WUDQVSRUWH� RV QRYRV FXVWRV RSHUDFLRQDLV SRGHP VHU
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WUDGX]LGRV SHOD iUHD 2OH
4
� $ UHGXomR QR H[FHGHQWH GR FRQVXPLGRU p LJXDO j iUHD
GR WULkQJXOR 3AH3�� PHQRV D iUHD GR WULkQJXOR 3AH
3
� $ UHGXomR QR H[FHGHQWH GR
SURGXWRU p GDGD SHOD iUHD 3H3� PHQRV D iUHD OH
3
�

 
)LJXUD � �(FRQRPLD GR EHP�HVWDU VRFLDO� SHUGD HVSHUDGD�

$ SHUGD WRWDO SDUD D VRFLHGDGH SRGH VHU HQWmR GHILQLGD SHOD iUHD OH
H3�
*HQHULFDPHQWH� HVVD iUHD p LJXDO D�

] ]
0 0 0 0

Q Q Q Q

D t dt S t dt D t dt S t dt
" " " *

( ) ( ) [ ( ) ' ( )∫ ∫ ∫ ∫






− − −






RQGH W p D YDULiYHO DVVRFLDGD j TXDQWLGDGH GHPDQGDGD RX RIHUWDGD�

��02'(/2�*5$9,7$&,21$/�

'H DFRUGR FRP 0(<(5 HW DO� ������� R PRGHOR JUDYLWDFLRQDO p EDVHDGR QD
KLSyWHVH GH TXH R YROXPH GH WUDQVSRUWH HQWUH GXDV iUHDV� L H M� GHSHQGH GLUHWDPHQWH
GD TXDQWLGDGH GH FDUJD RULJLQDGD HP L� GHPDQGDGD RX GHVWLQDGD D M� H LQYHUVDPHQWH
UHODFLRQDGD j GLVWkQFLD� DR WHPSR GH YLDJHP� DR FXVWR RX D DOJXPD RXWUD PHGLGD GH
VHSDUDELOLGDGH HQWUH L H M� 6HJXLQGR DV QRPHQFODWXUDV SURSRVWDV SRU 257Ô=$5 HW

DO� ������� D IRUPD IXQFLRQDO GH XP PRGHOR JUDYLWDFLRQDO SRGH VHU GHILQLGD FRPR�

T A B O D eij
k

i
k

j
k

i
k

j
k Cij

k

= −β*
���
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RQGH�
. p R tQGLFH UHODFLRQDGR DR WLSR GH SURGXWR�
Tij

k p D TXDQWLGDGH GR SURGXWR . WUDQVSRUWDGR GH L SDUD M�

A Bi
k

j
k, VmR IDWRUHV GH EDODQFHDPHQWR�

O Di
k

j
k, VmR� UHVSHFWLYDPHQWH� D RIHUWD QD UHJLmR L H D GHPDQGD QD UHJLmR M SHOR

SURGXWR .�
β * VmR RV SDUkPHWURV GH FDOLEUDomR SDUD FDGD SURGXWR .�

Cij
k VmR RV FXVWRV JHQHUDOL]DGRV GH WUDQVSRUWH UHIHUHQWHV j PRYLPHQWDomR GR

SURGXWR . HQWUH DV UHJL}HV L H M�
$ LGpLD GH VH XWLOL]DU XPD IXQomR GH FXVWR JHQHUDOL]DGR GHYH�VH SULQFLSDOPHQWH

D 52%(576 ������� 3RGH VHU LQWHUSUHWDGD GD VHJXLQWH IRUPD �SDUD VLPSOLILFDomR� R
tQGLFH . p RPLWLGR��

C f b s b s b w b pij ij ij ij ij ij= + + + +1 2 3 4σ ���

RQGH�
fij p D GHVSHVD IL[D SHOR XVR GR VHUYLoR GH WUDQVSRUWH HQWUH L H M�

sij p R WHPSR GH YLDJHP� SRUWD�D�SRUWD� HQWUH L H M�

σsij p D YDULkQFLD GR WHPSR GH YLDJHP V�

wij p R WHPSR GH HVSHUD RX DWUDVR H D SDUWLU GR SHGLGR GR VHUYLoR H GD HQWUHJD

SURSULDPHQWH GLWD�
pij p D SUREDELOLGDGH GH SHUGD RX GH GDQR QRV SURGXWRV HP WUkQVLWR�

2 PRGHOR JUDYLWDFLRQDO p� EDVLFDPHQWH� XP PRGHOR HFRQRPpWULFR H�
SUHIHUHQFLDOPHQWH� VHXV SDUkPHWURV GHYHP VHU DMXVWDGRV DWUDYpV GH DOJXP WLSR GH
DQiOLVH GH UHJUHVVmR� 'H DFRUGR FRP 257Ô=$5 HW�DO� ������� RV YDORUHV GHVVHV
SDUkPHWURV FHUWDPHQWH GHSHQGHUmR GD PRGDOLGDGH GH WUDQVSRUWH XWLOL]DGD� DVVLP
FRPR GR WLSR GH SURGXWR WUDQVSRUWDGR� 3RU H[HPSOR� HP FDVR GH SRVVLELOLGDGH GH
SHUGDV� R FXVWR VHUi� QR PtQLPR� R YDORU GD SUySULD PHUFDGRULD H� PXLWR
SURYDYHOPHQWH� PDLRU GHYLGR jV HYHQWXDLV SHQDOLGDGHV SUHYLVWDV SRU DWUDVR QD
HQWUHJD� 3DUD DV YDULiYHLV UHODFLRQDGDV DR WHPSR GH HVSHUD� DR WHPSR GH YLDJHP H j
VXD YDULkQFLD� RV YDORUHV GH EQ VHUmR SURSRUFLRQDLV DRV YDORUHV GRV SURGXWRV�

EDVLFDPHQWH SHOR DXPHQWR DVVRFLDGR DRV FXVWRV GH HVWRFDJHP� 2 YDORU PtQLPR SDUD
EQ VHUi R FXVWR GRV MXURV DSOLFDGRV DR YDORU GR SURGXWR GXUDQWH R SHUtRGR GH WHPSR

FRQVLGHUDGR�
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3RUWDQWR� WUDWD�VH GH XP HQIRTXH TXH VHJXH DV FDUDFWHUtVWLFDV EiVLFDV GRV

PRGHORV HFRQRPpWULFRV� +$5.(5 ������ FRPHQWD TXH D DQiOLVH GH HTXLOtEULR

UHDOL]DGD DWUDYpV GH PRGHORV HFRQRPpWULFRV p EDVWDQWH DGHTXDGD SDUD UHVSRQGHU DR

TXHVWLRQDPHQWR GH SROtWLFDV HFRQ{PLFDV GH LPSDFWR DPSOR H QmR� SRU H[HPSOR� SDUD

GHWDOKDPHQWRV GH TXHVW}HV GH URWHDPHQWRV GH YHtFXORV� 3RGH VHU XP HQIRTXH

LQWHUHVVDQWH SDUD D UHSURGXomR GH IHQ{PHQRV REVHUYDGRV� WDLV FRPR� D DWUDomR

HVSHFtILFD GR FRQVXPLGRU SRU GHWHUPLQDGR WLSR GH SURGXWR� R UHDO SRGHU

H[SODQDWyULR GD GLVWkQFLD FRPR IDWRU GH LPSHGkQFLD SDUD R IOX[R GH SURGXWRV

DJUtFRODV� H DVVLP SRU GLDQWH�

��02'(/2�75$',&,21$/�'(�75$163257(�

$ XWLOL]DomR EiVLFD GH XP PRGHOR GH WUDQVSRUWH GL] UHVSHLWR j GHVFULomR GD

RSHUDomR GH XPD GHWHUPLQDGD PDOKD YLiULD� VHJXQGR XP HQIRTXH QRUPDWLYR�

52%(576 ������ FRPHQWD TXH LVWR LPSOLFD D FDSDFLGDGH SDUD D VLPXODomR GH

DVSHFWRV FRPSRUWDPHQWDLV UHODFLRQDGRV j VHOHomR GH PHUFDGRV� DVVLP FRPR

UHIHUHQWHV j VHOHomR PRGDO GH GHFLV}HV GH URWHDPHQWR� 6H LVVR p IHLWR GHYLGDPHQWH�

SURGXWR SRU SURGXWR� VHUi HQWmR SHUPLWLGR TXH RV IOX[RV yWLPRV H VHXV UHVSHFWLYRV

FXVWRV VHMDP GHWHUPLQDGRV WDQWR SDUD D PDOKD H[LVWHQWH� TXDQWR SDUD FHQiULRV TXH

SUHYHMDP D LQFRUSRUDomR GH QRYDV IDFLOLGDGHV H VHUYLoRV GH WUDQVSRUWH� 3RU RXWUR

ODGR� FRPR +$5.(5 ������ GHVWDFD� PRGHORV GH UHGH QmR VmR QHFHVVDULDPHQWH

DGHTXDGRV SDUD WUDWDU GH DVVXQWRV UHODFLRQDGRV j VXEVWLWXLomR HQWUH UHFXUVRV� WDLV

FRPR FDSLWDO� WUDEDOKR H HQHUJLD� 7DO WUDWDPHQWR VHULD PDLV SHUWLQHQWH j HVIHUD GH

PRGHORV HFRQRPpWULFRV�

2 PRGHOR WUDGLFLRQDO GH WUDQVSRUWH SDUD XP ~QLFR SURGXWR� DSUHVHQWDGR

DWUDYpV GDV HTXDo}HV ���� ���� ��� H ���� SRGH VHU UHVROYLGR DWUDYpV GH WpFQLFDV GH

SURJUDPDomR OLQHDU� WRUQDQGR�VH QRUPDOPHQWH D IRUPD GD PLQLPL]DomR GD IXQomR�

REMHWLYR = �UHSUHVHQWDQGR RV FXVWRV WRWDLV HQYROYLGRV�� VXMHLWD jV FRPSRUWDPHQWDLV GH

RIHUWD H GHPDQGD� $VVLP� WHP�VH TXH�

MinZ C T
i 1

n

j 1

m

ij ij=
= =
∑∑ ���

VXMHLWR D�

j 1

m

ij iT O ,for i 1,2, ,n
=
∑ ≤ = � ���
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i 1

n

ij jT D , for j 1,2, ,m
=
∑ ≥ = � ���

i 1

n

i
j 1

m

iS D
= =
∑ ∑= ���

RQGH�
7LM  TXDQWLGDGH GH GHWHUPLQDGR SURGXWR WUDQVSRUWDGR GH L SDUD M�

&LM  FXVWR GH WUDQVSRUWH UHIHUHQWH j PRYLPHQWDomR GR SURGXWR HQWUH L H M�

2L  RIHUWD SHOR SURGXWR QD UHJLmR L�

'M  GHPDQGD GR SURGXWR QD UHJLmR M�

257Ô=$5 HW DO� ������ OHPEUDP TXH IRUPXODo}HV PDLV VRILVWLFDGDV SRGHP
HQYROYHU IXQo}HV GH FXVWR QmR�OLQHDUHV� IXQo}HV FRPSRUWDPHQWDLV WDPEpP QmR�
OLQHDUHV H� DLQGD� UHVWULo}HV PDLV HODERUDGDV TXDQWR D� IRUPDomR GH SUHoRV GRV
SURGXWRV� TXHVW}HV GLQkPLFDV H FDUJDV PtQLPDV SDUD WUDQVSRUWH� 8P H[HPSOR GHVVD
XWLOL]DomR VmR RV PRGHORV GH HTXLOtEULR HVSDFLDO �SRU H[HPSOR� D DSOLFDomR
GHVHQYROYLGD SRU .22� ������ HP TXH R JUDX GH FRPSOH[LGDGH QD HVWUXWXUD
PDWHPiWLFD GR SUREOHPD SRGH VHU WUDQVIRUPDGD� QR PtQLPR� QR QtYHO TXDGUiWLFR�
'H DFRUGR FRP )/25,$1 HW DO� ������� HVWD FODVVH GH PRGHORV� SURSRVWD LQLFLDOPHQWH
SRU 6$08(/621 ������ H HVWHQGLGD SRU 7$.$<$0$ HW DO� ������ ������ GHWHUPLQD
VLPXOWDQHDPHQWH RV IOX[RV HQWUH DV UHJL}HV GH SURGXomR H GH FRQVXPR� DVVLP FRPR
RV SUHoRV GH FRPSUD H YHQGD SDUD RV SURGXWRV DQDOLVDGRV� $ UHGH GH WUDQVSRUWH p
HQWmR PRGHODGD GD PDQHLUD WUDGLFLRQDO� GHSHQGHQGR� FRQWXGR� SULQFLSDOPHQWH GDV
HTXDo}HV GH RIHUWD H GH GHPDQGD SHUWLQHQWHV� 2 HTXLOtEULR p DOFDQoDGR FRP EDVH HP
GXDV SUHPLVVDV EiVLFDV� GH DFRUGR FRP +$5.(5 ������� VH H[LVWH IOX[R GR SURGXWR N

GD UHJLmR $ SDUD D UHJLmR %� HQWmR R SUHoR HP $ SDUD R SURGXWR N� PDLV R FXVWR GH
WUDQVSRUWH HQWUH $ H %� GHYH VHU LJXDO DR SUHoR GR SURGXWR N HP %� SRU RXWUR ODGR� VH
R SUHoR GR SURGXWR N HP $� PDLV R FXVWR GR WUDQVSRUWH HQWUH $ H %� IRU PDLRU TXH R
SUHoR GR SURGXWR N HP %� HQWmR QmR KDYHUi IOX[R GR SURGXWR N GH $ DWp %�

8PD RXWUD YDULDomR SDUD R WUDWDPHQWR GR PRGHOR GH WUDQVSRUWH GL] UHVSHLWR j
yWLFD GLVFUHWD� 1HVVD YLVmR� D RIHUWD GH WUDQVSRUWH SRGH VHU LQWHUSUHWDGD GH DFRUGR
FRP R Q~PHUR SRVVtYHO GH DOWHUQDWLYDV TXH SRGHP VHU IHLWDV� GH DFRUGR FRP FDGD
FRPELQDomR ORJtVWLFD �SRU H[HPSOR� WUDQVSRUWDU RX QmR R SURGXWR N QR SHUtRGR GH
WHPSR W SHOD PRGDOLGDGH GH WUDQVSRUWH P� GHVGH D RULJHP L DWp R GHVWLQR M��

&$6$9$17 HW DO� ������� FRPHQWDQGR VREUH R PRGHOR GH WUDQVSRUWH WUDGLFLRQDO�
DILUPDP TXH D ~QLFD KLSyWHVH JHUDGD SRU HVVD FODVVH GH PRGHOR p DTXHOD UHIHUHQWH j
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VHOHomR GD URWD PDLV HFRQ{PLFD� 625(1621 HW DO� ������ DYDQoDP QR DVVXQWR�

DILUPDQGR TXH HVIRUoRV SDUD TXDQWLILFDU GLIHUHQoDV yEYLDV QD TXDOLGDGH GH VHUYLoR

HQWUH PRGDOLGDGHV GH WUDQVSRUWH� RX PHVPR LQWHUQDPHQWH D XP GHWHUPLQDGR

VLVWHPD GH WUDQVSRUWH� QmR WrP UHVXOWDGR HP r[LWR VLJQLILFDWLYR� %8&./(< HW DO�

������� SRU RXWUR ODGR� FRQVLGHUDUDP XP tQGLFH GH SHUHFLELOLGDGH QD IXQomR GH FXVWR

GR PRGHOR GH WUDQVSRUWH� SDUD DYDOLDU D FRPSHWLWLYLGDGH GH PRGDOLGDGHV GH

WUDQVSRUWH SDUD KRUWLIUXWLJUDQMHLURV�

'H TXDOTXHU IRUPD� HP FDVR GH FRQVLGHUDomR GH HYHQWXDLV SHUGDV QR WUDQVSRUWH�

HODV SRGHP VHU LQFOXtGDV QR PRGHOR GD VHJXLQWH PDQHLUD�

D� LQFRUSRUDU SHQDOLGDGHV MXQWR DRV FRHILFLHQWHV GD IXQomR REMHWLYR�

E� DMXVWDPHQWR QDV LQVFULo}HV SHUWLQHQWHV�

F� UHGHILQLomR GDV YDULiYHLV HQGyJHQDV H�RX H[yJHQDV�

1HVVH VHQWLGR� &LM� DOpP GH UHSUHVHQWDU R FXVWR GH WUDQVSRUWH� OHYDULD WDPEpP

HP FRQVLGHUDomR RV IDWRUHV GH SHUGD UHODFLRQDGRV D FDGD SURGXWR� 7LM� DR LQYpV GH

PHUDPHQWH UHSUHVHQWDU D TXDQWLGDGH GH SURGXWR D VHU WUDQVSRUWDGR� SRGHULD VHU

UHGHILQLGR WDPEpP FRPR VHQGR IXQomR GR WLSR GH HPEDODJHP XWLOL]DGD� H DVVLP SRU

GLDQWH� /HPEUH�VH� DLQGD� TXH RV YDORUHV GRV SUHoRV�VRPEUD SRGHP WDPEpP VHU ~WHLV

SDUD VH PHQVXUDU DV HYHQWXDLV SHUGDV �SRU H[HPSOR� DTXHODV DVVRFLDGDV DR IDWR GH

QmR WHU VLGR XWLOL]DGD GHWHUPLQDGD PRGDOLGDGH GH WUDQVSRUWH��

��287526�(1)248(6�

([LVWHP� DLQGD� RXWURV HQIRTXHV TXH SRGHP VHU DGDSWDGRV SDUD TXH DV SHUGDV

QR WUDQVSRUWH GH SURGXWRV DJUtFRODV VHMDP LQFRUSRUDGDV� 3RU H[HPSOR� R HQIRTXH

GRV PRGHORV GH HTXLOtEULR JHUDO FRPSXWiYHO �&*(�� TXH SHUPLWH D DQiOLVH GDV

LQWHUDo}HV HQWUH RIHUWD H GHPDQGD GHQWUR GH PHUFDGRV DJUtFRODV� DVVLP FRPR DV

UHODo}HV HQWUH HVVHV PHUFDGRV H R UHVWR GD HFRQRPLD� 6+(521< HW DO� �������

DYDOLDQGR R LPSDFWR GDV TXHEUDV GH VDIUD GH JUmRV QR (VWDGRV 8QLGRV� LQFOXtUDP R

IHQ{PHQR VHFD MXQWR D XP &*(� FRP EDVH HP LQIRUPDo}HV JHUDGDV SRU XP VLPXODGRU

´DGPLQLVWUDWLYR�ELROyJLFRµ� 8PD YH] TXH HVVH FHQiULR HVSHFtILFR SRVVD VHU

IRUPXODGR� R PRGHOR FDOFXODUi RV GLIHUHQWHV YDORUHV GH SURGXWRV H GH FXVWRV

RSHUDFLRQDLV SDUD FDGD WLSR GH FXOWXUD�
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��&20(17É5,26�),1$,6�

2 WUDWDPHQWR GR SUREOHPD GH WUDQVSRUWH SRU PRGHORV PDWHPiWLFRV p

H[WHQVDPHQWH GRFXPHQWDGR SHOD OLWHUDWXUD� $OJXQV HQIRTXHV Mi EHP XWLOL]DGRV IRUDP

VHOHFLRQDGRV� FRPHQWDQGR�VH D VXD DGHTXDomR SDUD DSOLFDo}HV HVSHFtILFDV H

DYDOLDQGR�VH D VXD YLDELOLGDGH TXDQWR j LQFRUSRUDomR GH SHUGDV�

3DUD R FDVR HVSHFtILFR GD XWLOL]DomR GRV PRGHORV JUDYLWDFLRQDO H WUDGLFLRQDO GH

WUDQVSRUWH SDUD D SUHYLVmR GH IOX[RV GH SURGXWRV DJUtFRODV� DYDOLDo}HV IRUDP

FRQGX]LGDV �0(5$� ������ VXJHULQGR TXH� SDUD SURGXWRV PDLV KRPRJrQHRV �WDLV

FRPR JUmRV�� R PRGHOR WUDGLFLRQDO GH WUDQVSRUWH RIHUHFH XPD UHSURGXomR PDLV

DSXUDGD GRV IOX[RV HIHWLYDPHQWH REVHUYDGRV� 3RU RXWUR ODGR� SDUD SURGXWRV PDLV

GLYHUVLILFDGRV �WDLV FRPR KRUWLIUXWLJUDQMHLURV�� R PRGHOR JUDYLWDFLRQDO RIHUHFH XP

GHVHPSHQKR VXSHULRU� 2V PHVPRV DXWRUHV FRQFOXHP TXH R SDGUmR GH GLVWULEXLomR VH

FRPSRUWD PDLV DSUR[LPDGDPHQWH GDV HVWLPDWLYDV IHLWDV SHOR PRGHOR WUDGLFLRQDO GH

WUDQVSRUWH HP VLWXDo}HV GH FXUWDV GLVWkQFLDV D VHUHP SHUFRUULGDV H FRQIRUPH DV

SUHYLV}HV GR PRGHOR JUDYLWDFLRQDO SDUD MRUQDGDV TXH FXEUDP ORQJDV GLVWkQFLDV�

$ DYDOLDomR GHVVHV GRLV HQIRTXHV Vy IRL SRVVtYHO DWUDYpV GD FRPSDUDomR GR VHX

SRGHU GH SUHYLVmR� ,VVR LPSOLFD TXH R GHVHQYROYLPHQWR GH PHOKRUHV PRGHORV VHPSUH

H[LJLUi XP FRQVWDQWH PRQLWRUDPHQWR TXDQWR j DFHLWDomR RX j UHMHLomR GR VHX SRGHU

GH SUHYLVmR DWUDYpV GH WHVWHV HPStULFRV� &RPR +$5.(5 ������ FRPHQWD� QRYRV

HVWXGRV HP WUDQVSRUWH GH FDUJDV DJUtFRODV GHYHP VHU LQLFLDOPHQWH GLUHFLRQDGRV j

PHOKRULD GD HVWUXWXUD WHyULFD GH WDLV VLVWHPDV� SRU H[HPSOR� R PHOKRU HQWHQGLPHQWR

GDV UHODo}HV HQWUH SURGXWRUHV� DWDFDGLVWDV H WUDQVSRUWDGRUHV WRUQD�VH HVVHQFLDO� SDUD

TXH XPD DQiOLVH PDLV GHWDOKDGD GR VLVWHPD GH WUDQVSRUWH SRVVD VHU HIHWXDGD� $LQGD�

VHJXLQGR R UDFLRFtQLR GR PHVPR DXWRU� HVVHV UHIHUHQFLDLV WHyULFRV Vy SRGHUmR REWHU

UHODWLYR VXFHVVR VH HVWLYHUHP DSRLDGRV HP EDVH GH GDGRV FRQILiYHLV H HP HVWLPDWLYDV

FRQYHQFLRQDLV GH PRGHORV HFRQRPpWULFRV SHUWLQHQWHV�

3DUD D VLWXDomR EUDVLOHLUD� GDGD D FDUrQFLD GH GDGRV FRQVLVWHQWHV VREUH SHUGDV H

HP YLVWD GD DSDUHQWH LQHILFLrQFLD GR VLVWHPD GH GLVWULEXLomR GH SURGXWRV DJUtFRODV� RV

HQIRTXHV GH FDUDFWHUtVWLFDV PDLV QRUPDWLYDV �WDO FRPR R PRGHOR WUDGLFLRQDO GH

WUDQVSRUWH� SDUHFHP VHU PDLV UHFRPHQGiYHLV TXH RV HQIRTXHV WLSLFDPHQWH

HFRQRPpWULFRV�
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5()(5È1&,$6�%,%/,2*5É),&$6�

%$</,66� %� ������� 7UDQVSRUW 3ROLF\ DQG 3ODQQLQJ � DQ LQWHJUDWHG DQDO\VWLFDO

DSSURDFK� (', 7HFKQLFDO 0DWHULDOV� 7KH :RUOG %DQN� :DVKLQJWRQ�

%8&./(<� 3� H :(67%522.� 0� '� ������� 0DUNHW GHILQLWLRQ DQG DVVHVVLQJ WKH

FRPSHWLWLYH UHODWLRQVKLS EHWZHHQ UDLO DQG WUXFN WUDQVSRUWDWLRQ� -RXUQDO RI 5HJLRQDO

6FLHQFH� Y� ��� Q� �� S� �������

&$6$9$17� .� /� H %,1./(<� -� .� ������� 7UDQVSRUWDWLRQ FKDQJHV DQG

DJULFXOWXUDO PDUNHWLQJ UHVHDUFK� ,Q� )$55,6� 3� /�� HG� )XWXUH IURQWLHUV LQ

DJULFXOWXUDO PDUNHWLQJ UHVHDUFK� $PHV� ,RZD 6WDWH 8QLYHUVLW\ 3UHVV�

)/25,$1� 0� H *8e/$7� -� ������� 7KH SUHGLFWLRQ RI PXOWLFRPPRGLW\ IUHLJKW

IORZV� D PXOWLSURGXFW PXOWLPRGH PRGHO DQG D VROXWLRQ DOJRULWKP� ,Q� %,$1&2� /� H

/$ %(//$� $�� HGV� )UHLJKW 7UDQVSRUW 3ODQQLQJ DQG /RJLVWLFV� /HFWXUH 1RWHV LQ

(FRQRPLFV DQG 0DWKHPDWLFDO 6\VWHPV� Y� ���� S� �������

*$5'1(5� 3� '� %$5,7(//(� -� /� H /$1=(5� (� ������� 5HVHDUFK RQ HFRQRPLF

SRVW�KDUYHVW ORVV � DQ DQQRWDWHG ELEOLRJUDSK\ ���������� 8QLWHG 6WDWHV 'HSDUWDPHQW

RI $JULFXOWXUH� (FRQRPLF 5HVHDUFK 6HUYLFH� :DVKLQJWRQ� ��S� >%LEOLRJUDSKLHV DQG

/LWHUDWXUH RI $JULFXOWXUH� (FRQRPLF 5HVHDUFK 6HUYLFH� %LEOLRJUDSKLHV DQG /LWHUDWXUH

RI $JULFXOWXUH Q� ��@�

+$5.(5� 3� 7� ������� 7KH VWDWH RI WKH DUW LQ WKH SUHGLFWLYH DQDO\VLV RI IUHLJKW

WUDQVSRUW V\VWHPV� 7UDQVSRUW 5HYLHZV� Y� �� Q� �� S� �������

.$7=0$1� 0� 7� ������� 7KH LQIOXHQFH RI WUDQVSRUWDWLRQ LPSURYHPHQWV RQ

LQWHUUHJLRQDO WUDGH LQ %UD]LO� 7UDQVSRUWDWLRQ� Q� �� S� ��������

.22� :� :� ������� 7DULIIV DQG WUDQVSRUWDWLRQ FRVWV RQ 8�6� ZKHDW H[SRUWV� D

TXDGUDWLF SURJUDPPLQJ PRGHO� ,Q� .22� :� :� /DUVRQ� '� :� HGV� 7UDQVSRUWDWLRQ

PRGHOV IRU DJULFXOWXUDO SURGXFWV� %RXOGHU� :HVWYLHZ� S� ��������

.5(6*(� '� 7� ������� 7KH 0DFURHFRQRPLF 0RGHO� ,Q� 0(<(5� -� 5�� HG�

7HFQLTXHV RI 7UDQVSRUW 3ODQQLQJ� 6\VWHPV $QDO\VLV DQG 6LPXODWLRQ 0RGHOV�

:DVKLQJWRQ� %URRNLQJV ,QVWLWXWLRQ� Y� �� S� ������

0(5$� .� ������� $Q HYDOXDWLRQ RI JUDYLW\ DQG OLQHDU SURJUDPPLQJ WUDQVSRUWDWLRQ

PRGHOV IRU SUHGLFWLQJ LQWHUUHJLRQDO FRPPRGLW\ IORZV� ,Q� 0(<(5� -� 5�� HG�

7HFKQLTXHV RI 7UDQVSRUW 3ODQQLQJ� 3ULQFLQJ DQG 3URMHFW (YDOXDWLRQ� :DVKLQJWRQ�

%URRNLQJV ,QVWLWXWLRQ� Y� �� S� ��������

0(<(5� -� 5� H 675$6=+(,1� 0� 5� ������� 7UDQVSRUW GHPDQGV� WKH EDVLF

IUDPHZRUN� ,Q� 0(<(5� -� 5� HG� 7HFKQLTXHV RI WUDQVSRUW 3ODQQLQJ� 3ULQFLQJ DQG

3URMHFW (YDOXDWLRQ� :DVKLQJWRQ� %URRNLQJV ,QVWLWXWLRQ� Y� �� S� �������
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257Ô=$5� -� '� H :,//806(1� /� *� ������� 0RGHOOLQJ WUDQVSRUW� &KLFKHVWHU�
-RKQ :LOH\� ���S�
52%(576� 3� 2� ������� 7KH 7UDQVSRUW 0RGHO� ,Q� 0(<(5� -� 5� HG� 7HFKQLTXHV
RI 7UDQVSRUW 3ODQQLQJ� 6\VWHPV $QDO\VLV DQG 6LPXODWLRQ 0RGHOV� :DVKLQJWRQ�
%URRNLQJV ,QVWLWXWLRQ� Y� �� S� ������
6$08(/621� 3� $� ������� 6SDWLDO SULQFH HTXLOLEULXP DQG OLQHDU SURJUDPPLQJ�
$PHULFDQ (FRQRPLF 5HYLHZ� Q� ��� S� ��������
6+(521<� .� 5� .12:/(6� *� -� H %2<'� 5� ������� 7KH HFRQRPLF LPSDFW RI
FURS ORVVHV� D FRPSXWDEOH JHQHUDO HTXLOLEULXP DSSURDFK� :HVWHUQ -RXUQDO RI
$JULFXOWXUDO (FRQRPLFV� Y� ��� Q� �� S� �������
625(1621� /� 2� H 7,$2� -� 0� ������� (PHUJLQJ LVVXHV LQ DJULFXOWXUDO
WUDQVSRUWDWLRQ 5HVHDUFK� ,Q� .22� :� :� /$5621� '� :� HGV� 7UDQVSRUWDWLRQ
PRGHOV IRU DJULFXOWXUDO SURGXFWV� %RXOGHU� :HVWYLHZ� S� �������
7$.$<$0$� 7� H -8'*(� *� *� ������� (TXLOLEULXP DPRQJ VSDWLDOO\ VHSDUDWHG
PDUNHWV� D UHIRUPXODWLRQ� (FRQRPHWULFD� Y� ��� S� �������
BBBB� ������� $OWHUQDWLYH VSDWLDO SULQFH HTXLOLEULXP PRGHOV� -RXUQDO RI 5HJLRQDO
6FLHQFH� Y� ��� S� �����
:5,*+7� &� /� H 0(<(5� 5� /� ������� 0RGHOLQJ WUDQVSRUWDWLRQ DQG VWRUDJH
V\VWHPV LQ GHYHORSLQJ DUHDV DV FDSDFLWDWHG QHWZRUNV� (FRQRPLFV DQG 6RFLRORJ\
3DSHU� Q� ���� 7KH 2KLR 6WDWH 8QLYHUVLW\� DXJ��
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$%675$&7

$ 02'(/ 2) /266(6 ,1 7+( 352%/(06 2) 75$163257

7KHUH DUH VHYHUDO WUDQVSRUWDWLRQ SUREOHPV� GRFXPHQWHG E\ VSHFLDOL]HG OLWHUDWXUH�

WKDW GR QRW QHFHVVDULO\ SRLQW RXW WKH TXHVWLRQ RI ORVVHV� 6XFK VWXGLHV KDYH XVHG

GLIIHUHQW PRGHOLQJ DSSURDFKHV� 7KH PDLQ DVSHFWV RI WKRVH DSSURDFKHV� DV ZHOO VRPH

UHFRPPHQGDWLRQV IRU WKH WUHDWPHQW RI WKH SHUWQHQW ORVVHV� DUH SUHVHQWHG LQ WKLV DUWLFOH�

.H\�ZRUGV� WUDQVSRUWDWLRQ� ORVVHV� PRGHOLQJ�

5(680(1

(/ 02'(/$'2 '( /$6 3e5','$6 (1 352%/(0$6 '( 75$163257(

([LVWH XQD VHULH GH SUREOHPDV GH WUDQVSRUWH GRFXPHQWDGRV SRU OD OLWHUDWXUD

HVSHFLDOL]DGD TXH QR GHVWDFDQ OD FXHVWLyQ GH ODV SpUGLGDV� (Q HVWRV HVWXGLRV� VH

HQIRFDQ GLVWLQWRV PRGHODGRV� 6H SUHVHQWDQ HQ HVWH DUWtFXOR ORV SULQFLSDOHV DVSHFWRV

WHyULFRV GH HVRV HQIRTXHV� DVt FRPR DOJXQDV UHFRPHQGDFLRQHV SDUD HO WUDWDPLHQWR GH ODV

SpUGLGDV UHODFLRQDGDV�

3DODYUDV�FODYH� WUDQVSRUWH� SpUGLGDV� PRGHODGR�


